Multibeam sonar systems have transformed the area of underwater geoacoustics and present an important tool for seabed characterization. This work aims to demonstrate the processing and interpretation of multibeam bathymetric data, supported by geological samples collected in the area of Deception Island, South Shetland Islands -Antarctic, for morphological and sedimentary characterization for the seabed. Data were collected during the commission OPERANTAR XXXII, totaling 28 bathymetric lines and 4 geological surface samples using a Box-Corer sampler. By analyzing the maps, digital terrain models and morphological profiles generated for the area, we identified ravines, a depression and a volcanic structure as important characteristics of the morphology of the region. The seabed of Deception Island is predominantly composed of mud with high concentrations of silt grains. This characterization was performed by analyzing the backscattering mosaic and signal intensities for the area, together with the interpretation of geological characteristics of the collected samples.
INTRODUCTION
Multibeam sonar systems technology has been developed through the last couple of decades. It basically consists on the emission and reception of acoustic signals to the environment by a transducer, and then making the travel-time measurements (USACE, 2001) . According to Collins & Rhynas (1998) , the acoustic pulse generated by an echo sounder travels through the water column, reflects at the seabed and returns to the transducer where it is converted back into electrical energy.
When using a multibeam echo sounder in order to obtain information about the seabed characteristics, backscattering data is acquired. Backscatter intensity is essentially a function of the seafloor's physical properties, namely acoustic impedance, roughness (grain-size and small-scale topography) and volume inhomogeneity (variability in the thin layer of sediment penetrated by the acoustic signal) (Hewitt et al., 2013) .
A signal generated by an echo sounder is affected by different factors and it may be natural, electronic or anthropogenic noises. Other non-seabed influences on echoes are water depth and seabed slope. Echo durations increase with depth and seabed slope lengthens and distorts echoes (Preston et al., 2007) .
Supported by multibeam sonar data acquired during a commission of the Brazilian Navy, this paper aims to demonstrate the processing and interpretation of bathymetric data, thus presenting the morphological and sedimentary characterization to the studied area, given its importance to vessels that sail close to the island. This work is motivated on the fact that acoustic classification of the seabed using multibeam sonars is extremely important these days in the context of underwater engineering, and investments in this area tend to increase in the near future.
Previous Studies
Reson SeaBat 8125 backscatter data as a tool for seabed characterization (Central Mediterranean, Southern Italy): Results from different processing approaches Innangi et al. (2014) This previous study aimed to show two different processing approaches, and discuss the produced output. The authors evaluated the capability of Multi-Beam Echo Sounder (MBES) system data to distinguish different seabed types in a site in the Tyrrhenian Sea (Mediterranean) which the dataset included bathymetric data and backscatter intensity, with the support of sediment samples acquired and scuba investigations. The acoustic response of identified facies was statistically analyzed and characterized composing mosaics. At each sampled location, the gray-scale pixel values were extracted from the images. Coarse sediments were related to high backscatter intensities in the mosaics. In conclusion, even if no signal appears to be better than the other, it is evident that both mosaics are complementary to a correct interpretation of the seafloor features and can produce highly detailed acoustic mosaic useful for several scientific areas, including habitat mapping.
Improving seabed classification from Multi-Beam Echo Sounder (MBES) backscatter data with visual data mining
Ahmed & Demsar (2013) This paper examines the complexity of one of most commonly used classification approaches and suggests an alternative where feature dataset is optimised in terms of dimensionality using computational and visual data mining. Both the original and the optimised method are tested on a MBES backscatter dataset and validated against ground truth. The study found that the optimised method improves accuracy of classification and reduced complexity of processing. This is an encouraging result, which shows that bringing together methods from acoustic classification, visual data mining, spatial analysis and remote sensing can support the unprecedented increases in data volumes collected by contemporary acoustic sensors.
STUDIED AREA
The area under investigation is the Deception Island ( Fig. 1 ) and it is located northwest of the Antarctic Peninsula. The Deception Island is an important structure which composes the South Shetland Islands set and it plays a significant role for the nearby area. Its bay is used as a shelter for the sake of ship safety when there are no conditions of navigation in the region, thus making extremely necessary to determine local depths with precision.
According to Martí et al. (2013) , the Deception Island is the most active volcano that composes the arc of volcanic islands associated with the rift axis of the Bransfield Strait, being formed during the late Mesozoic-Cenozoic. The Bransfield Basin, a 500 km long and 100 km wide extensional structure, is considered a back-arc basin developed since the Pliocene and associated with subduction of the former Phoenix Plate below the South Shetland Islands (Dalziel, 1984) .
Deception Island is a large composite volcano which has a single and large central vent within the region best known as Port Foster. The volcano is still active and there is no reason to doubt that this activity will continue (Shultz, 1970) . The island is com- posed predominantly of pyroclastics, with only minor amounts of highly viscous lavas, and most of the island is covered with glacial ice, cindery scree, or fluvioglacial material (Shultz, 1970) . Hawkes (1961) subdivided the volcanics into a Pre-Caldera and a Post-Caldera Series, each consisting of several formations. His correlations were done on the basis of stratigraphic sequence, and geomorphic and petrographic similarity (Shultz, 1970) .
Moreover, as said by Martí et al. (1996) , the Deception Island has traditionally been considered as a collapsed caldera formed by subsidence into a magma chamber of a group of overlapping volcanoes along arcuate and radial faults. In fact, the morphological features of Deception Island (horseshoe shape, location of post-caldera vents apparently along concentric faults, existence of a depression in the centre of the island, concentration of postcaldera activity along the 'ring fault', etc.) support this idea.
Eruptions in the Deception Island are known to have taken place in 1842, 1967, 1969 and the last one in 1970 (Martí et al., 1996) . According to Orheim (1970) , subglacial eruptions in 1969 opened a series of fissures 30-60 meters deep through glaciers on the east side of the island. The fissures were formed by a combination of subglacial melting, ejection of blocks of ice, lifting of the downslope portion of the glaciers, and lateral enlargement by horizontal ablation. Smellie (2002) said that the centre of Deception Island, Port Foster, is a flooded restless caldera which have been formed by an eruption which may have ejected more than 25 to 30 km 3 of magma, but all post-caldera eruptions appear to have been small volume (typically less than 0.05 km 3 of magma).
MULTIBEAM SONAR SYSTEM
Multibeam sonars provide us with coincident measurements of depth and acoustic backscatter over a large swath of the seafloor and thus offer a promising tool for seafloor characterization (Fonseca & Mayer, 2007) . Figure 2 represents the geometric arrangement of a multibeam system. The central beams represent the most accurate data if compared with the outer beams, and it happens due to the angle of incidence relative to the seabed. The central ones have a lower incidence angle and then not so much signal is lost in comparison with the outer beams. Moreover, the footprints of the central beams are smaller, resulting in less incoherent reflections. The light and dark blue area represents the region insonified by the beams (footprint). The points with smaller footprint and incidence angle are the most reliable acquired data. The acoustic backscatter returned to multibeam sonar is the result of a complex interaction of the acoustic wavefront with an often rough and inhomogeneous seafloor. The wavefront from a typical multibeam sonar system usually intersects the seafloor at an angle, and is subject to scattering, which redistributes the incident acoustic energy in multiple directions. The nature of the energy returned to the transducer carries important information about the seafloor morphology and physical properties, providing valuable data to aid in the difficult task of seafloor characterization (de Moustier & Matsumoto, 1993; Hughes-Clark et al., 1997) .
ACOUSTIC CLASSIFICATION
The classification of undersea surface and features through analysis of multibeam sonar data is a tool that allows the visualization of the seafloor on different colour scales. Each one represents different information about the topography of the seabed and its components and then allowing the construction of terrain models (Bulla & Hartmann, 2009 ).
The acoustic backscattering of the seafloor is determined by the reflection coefficient, which is a function of the acoustic impedance contrast between the water column and the seafloor (MacLennan & Simmonds, 2005) . The backscattered signal is influenced by different characteristics such as seafloor irregularities, physical and chemical properties, or sedimentary forms as ripple marks and the texture of the rocks and even fauna over the seafloor (Pinho et al., 2011) .
When using the intensity of the return signal to seafloor classification, we must carry out analyzes of different features present along the backscatter. They are; the textural analysis (which provides different parameters as energy, entropy, contrast and homogeneity, from the information that composes the mosaic of backscattering signal); the probability density function analysis (which characterizes the roughness of the seafloor, describing the signal/noise ratio of the return signal and analyzing the relative values for standard deviation. Higher standard deviation values represent less roughness on the seafloor); energy's spectrum analysis (uses the transform method of Fourier together with values for the backscatter signal intensities, representing certain variations in the topography and sediment) and angular analysis (which determines that the angle of incidence, of the acoustic signal wavefront on the seabed, influences the values of the responses of backscatter intensities, which may hamper the sediment characterization) (Conceição, 2009).
METHODOLOGY
The bathymetric data collected at Deception Island were acquired from October 2013 to April 2014. Data is part of a project best known as INCT-Criosfera. The following figure (Fig. 3) represents the 28 bathymetric lines acquired inside Port Foster, Deception Island.
The multibeam echo sounder used to the data acquisition was a Kongsberg SIMRAD EM-302 operating with a frequency range of 30 kHz coupled to the hull of the vessel. The data processing and interpretation was supported by several softwares. Caris Hips & Sips 9.0 was used to the bathymetric and backscattering data processing, Geosoft Oasis Montaj was used to generation, visu-alization and analysis of grids and bathymetric maps and Fledermaus used to generate the digital terrain models and bathymetric profiles for the final morphological characterization.
A total of 3 geological samples were acquired at the area using a Box-Corer sampler. The samples were analyzed by a Multisensor Core-Logger (MSCL) from GEOTEK at the Petrophysics Laboratory of Universidade Federal Fluminense (UFF) to determine the density of the sediment and the P-wave velocity. These parameters were used for the calculation of the acoustic impedance, which were correlated to the sediment type of each sample. The previous figure (Fig. 3) shows the location of each sample.
RESULTS
The final bathymetry generated to the area is of good quality and allowed the analysis of different structures presented on the seabed of Port Foster. As part of the results, Figure 4 represents the map generated to the area. Depth values, represented by the isobaths contours of 5 meters and the scale on the right side of the map, and some seabed features as ravines, a depression and an elevated structure; which represents a volcanic structure, are the main information provided by the map.
Analyzing the digital terrain model generated at the end of the processing data step, we were able to set several profiles in order to make the morphological characterization of the studied area. The first profile (WNW-ESE), as can be seen on Figure 5 , extends since the inlet of Port Foster to one of its extremities and shows that the deepest region within the area of the bay is 170 meters deep. By calculating using the software Google Earth, it was defined that the approximated area is about 36.9 km 2 . The WNW flank at Port Foster presents a very steep slope which must be showed up due to the historical intensive volcanic activity in the island, at the time the caldera was generated.
The bathymetry has indicated the presence of some underwater ravines present in the center of the bay, over its south, east and west flanks, that should be originated either by the influence of thaw water as well as by the strong and historical volcanic activity of the region. Magrani (2011) describes that in glacial environments the ice and thaw water are the main agents of erosion, transportation and deposition of sediments. Moreover, by gravity, glaciers moves down gradient in the direction of the bottom of the bay. Figure 6 represents profile 2 (NW-SE), which shows the morphology of the ravines, at the east flank of Port Foster. Those structures are in the deepest area of the Deception Island and its valleys present slightly vertical variations up to 2 meters deep. This information reinforces the theory that those ravines were originated by the dragging of sediments at the bottom of the seabed by thaw water.
Profile 3 (W-E) (Fig. 7) shows a feature characterized as a depression which has a vertical variation up to 12 meters and 160 meters length at the south flank of Port Foster. The origin of this feature is unknown, but it may be associated to the collapse of the part of the seafloor during a volcanic event.
At last, to conclude the morphological characterization of Port Foster, profile 4 (W-E) (Fig. 8) shows the most interesting seafloor structure present at the bay. An elevated area representing a volcanic structure localized at the south flank. The feature is 600 meters wide, presents a relative relief of 100 meters and a depth of 30 meters deep and flanks presenting a slant of approximated 21.8 degrees.
The final mosaic, generated to characterize the backscattering pattern of signal intensity responses, is shown on Figure 9 . It is clear that the mosaic presents a homogeneity standard on the intensities distribution over the area. Furthermore, it was possible to analyze the values of the intensity responses using the histogram (Fig. 10 ), and it clearly shows the pattern of the intensity values. Table 1 presents the average grain size distribution for each collected sample and values for mean grain size, mean P-wave velocity, mean density and mean acoustic impedance. These 4 last properties were provided by the Multisensor Core-Logger (MSCL). The values of P-wave velocity and density for the samples present very similar values, which seems to be coherent because after analyzing the mean grain size and the values of backscattering intensity, we were able to characterize the area over a dominant type of sediment. It is observed that the seafloor has a very homogeneous grain size distribution, mainly composed of clayed-silt with very small amounts of sandy material. The Mean P-wave velocity and Mean Impedance to point 3 showed very low values, which were not expected, and then, they were discarded from the table and not analyzed. According to a mathematical-computed model quoted by Conceição (2009), the angular analysis of the grain size presents average values of backscatter intensity about -20 to -30 decibels (dB) for silt and, as shown on the histogram (Fig. 10) , our responses for backscatter intensities are concentrated about -18 to -28 dB (mainly silt sediment). This was expected because the geological samples analysis showed us a homogeneity sedimentary distribution with most of the sediments composed of very fine silt, sedimentologically characterized as silty mud (Table 1) . However, looking at the mosaic, an important information is that the backscatter intensity is also standardized to the area of the location of the volcanic structure. So, it indicates that the structure should be entirely covered by the silty sediment laid up at the bottom of the seabed.
CONCLUSION
The Port Foster is an asymmetric bay, with steepest flanks at the west side of the bay. The final bathymetric model for the area allowed the recognition of different morphological features at the seabed of the studied area associated to volcanic and glacial processes.
The acoustic characterization carried out after the processing and analysis of the backscattering signal indicated a very sedimentary homogeneity to the area. The geological samples acquired at the area endorse this interpretation, evidencing a seafloor essentially composed by silty sediment. The method could produce a highly detailed acoustic mosaic representing backscatter intensities as well as presented by Innangi et al. (2014) .
Therefore, the acoustic classification method combining multibeam sonar system with backscatter analysis and geological samples represents nowadays an efficient way to seabed recognition, obtaining information about seafloor's morphological and sedimentary characteristics by a non-invasive tool.
